The aim of this study was to investigate the effects of resveratrol (Res) on the clinical symptoms of rheumatoid arthritis in rats with adjuvant arthritis (AA). An AA model was established by injection of complete Freund's adjuvant (CFA). Ankle diameter, paw volume, arthritic index, gait score as well as paw histopathological examination were assessed to determine the anti-arthritic effect of Res. Resveratrol, at dose 50 mg/kg, was able to significantly alleviate rheumatoid related paw swelling and ankle diameter and decrease both arthritic and gait scores. Besides, a significant reduction of inflammatory cell infiltration in the ankle joint tissue was shown by histopathological examination. These findings confirm the anti-rheumatic activity of Res which can be correlated to its anti-inflammatory activity.
INTRODUCTION
Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by swelling of joints, synovitis and degeneration (Trentham et al. 1980 ) causing progressive damage to the musculoskeletal system, which contributes to the loss of physical function and quality of life Etiology of RA is unknown. Although genetic factors play an essential role, they are not sufficient to explain the triggering of the immune insult. The dominant feature in RA is inflammation, primarily in synovium, which is accompanied by synovial hyperplasia. There is also increased number of both type synoviocytes in addition to immune and inflammatory cells infiltration particularly macrophages, B-and Tlymphocytes, plasma cells and dendritic cells. Cytokines level increases and play a central role in the propagation of synovial inflammation. The persistence of the chronic inflammatory response is in conjunction with ongoing joint destruction (Morović-Vergles 2003).
At present, the main treatment options for RA range from nonsteroidal antiinflammatory drugs (NSAIDs) to disease-modifying anti-rheumatic drugs (DMARDs) such as methotrexate as the cornerstone of therapy. While biological DMARDs such as antitumor necrosis factor (TNF), interleukin (IL)-1, and IL-6 receptor antagonists are usually considered only when patients fail to respond to conventional DMARDs. However, the lack of reliable treatment for early RA is a troublesome problem for doctors because most NSAIDs and DMARDs treatments cause severe side effects including stomach ulcers and bleeding in the case of NSAIDs and high blood pressure, osteoporosis, weight gain, and infections in the case of DMARDs (Singh et al. 2012; Vivar and Van Vollenhoven 2014) .
In this context, it is necessary to develop effective anti-rheumatic therapies with fewer side-effects. Natural plant extracts can be an alternative source of bioactive agents with anti-rheumatic potential. Resveratrol (RSV; trans-3,5,40-trihydroxystilbene) is a polyphenol widely present in a large number of plant species, some of which are components of the human diet, such as berries, peanuts, grapes and red wine (Park et al. 2012) . Resveratrol has been reported to possess antioxidant, anti-inflammatory, anticancer, immunomodulatory and pro-apoptotic properties, all of which make it a highly interesting compound for the treatment of RA ( 
2.MATERIALS AND METHODS:

2.1.Drugs and chemicals:
Resveratrol was purchased from Shaanxi Huike Biotechnology Co. (Ltd, China). Complete Freund's adjuvant (CFA) and dimethylsulfoxide (DMSO) were purchased from Sigma-Aldrich Co. (USA). Complete Freund's adjuvant consists of a mixture of heat-killed Mycobacterium tuberculosis suspended in sterile mineral oil (1 mg/ml). All other chemicals and solvents were of highest grade and commercially available.
2.2.Animals:
Fifty male Wister rats weighing 150-200 g were obtained from Nile Co. for Pharmaceutical and Chemical Industries, Egypt. Rats were acclimatized to the new housing conditions of the research facility for one week. They were housed in an airconditioned atmosphere, at a temperature of 25 C with alternative 12 hour light and dark cycles. They were kept on a standard diet and water ad libitum. Standard diet pellets contained not less than 20% protein, 5% fiber, 3.5% fat, 6.5% ash and a vitamin mixture. The food was placed on the sawdust in the cage to be easily accessible by animals. The experimental protocol was approved by Ain Shams University Faculty of Pharmacy Ethical Committee for the use of animal subjects (permit # PhD13).
2.3.Experimental design:
Animals were randomly allocated into 5 groups (n=10) as follows: group 1 (control) was injected with saline, group 2 (non-treated arthritic rats), groups 3,4, and 5 (arthritic rats treated with resveratrol in doses 12.5,25, and 50 mg/kg/day respectively) orally (Chen et al. 2013 ). Arthritis was induced in rats via subcutaneous injection of 0.1 ml CFA into the plantar surface of the left hind paw. Then, Another booster intradermal injection of 0.1 ml was given into the root of the tail on the same and on the following day (Helyes et al. 2001) . The treatment started on the day after the induction of arthritis, and continued for 21 days (Darwish et al. 2013 ). On day 21 after immunization, animals were sacrificed and left hind paws were excised and fixed in 10% buffered formalin for histopathological examination.
2.4.Assessment of arthritis:
The progression of CFA induced arthritis was evaluated on days 0, 1, 3, 6, 8, 10, 13, 15, 17 and 21 after adjuvant injection through the measurement of left hind paw volume, ankle diameter, arthritic score, and gait score. 
2.6.Ankle diameter:
left hind paw ankle diameter was determined by measuring the antero-posterior diameter, using vernier caliper which is accurate to 0.02 mm (Ramprasath et al., 2006) 
2.7.Arthritic scoring:
left hind paws were examined and graded for severity of erythema and swelling using a 5-point scale: 0= no signs of inflammation, 1 = swelling and erythema of the digit, 2= moderate swelling and erythema, 3= severe swelling and erythema of the limb and 4 =severe swelling, erythema, gross deformity and disability to use the limb. (Kim  et al. 2008) 
2.8.Gait scoring:
it was used to assess the arthritis pain using the following scale from 0 to 3: 0= normal gait, 1= gait with slight lameness, 2= lameness with weight bearing on toes only, 3= non weight bearing animals (Bush et al., 2001 ).
2.9.Histopathology of hind paw:
Paws from different groups were excised, fixed in 10% formalin, decalcified in formic acid, embedded in paraffin blocks from which 5 micron-thick sections were obtained. Sections were stained with hematoxylin and eosin dye, and then evaluated under light microscope (Ishikawa et al. 2009 ).
2.10.Statistical analysis:
To analyze two sets of data, unpaired Student's t-test was used. To analyze more than two sets of data, one way analysis of variance (ANOVA) was used followed by Tukey-Kramer or Dunnett's test for multiple comparisons as appropriate. To analyze non-parametric data, Kruskal-Wallis test was used followed by Dunn's test for multiple comparisons. Analysis of data and presentation of graphs were performed using GraphPad Prism software version 5 (ISI® software, USA). Statistical significance was acceptable to a level of probability < 0.05.
RESULTS:
3.1.Anti-arthritic effects
Twenty four hours after the injection of CFA, all of arthritic rats, whether treated or non-treated, developed significant arthritis with abnormal gait as compared to the normal control group manifested as significant increase in all arthritic parameters. Resveratrol treatment with dose 50 mg/kg significantly (p<0.001) reversed the changes in both ankle diameter and paw volume as compared to arthritic non-treated rats. On the other hand, treatment with resveratrol at doses 12.5, and 25 mg/kg did not show any significant change (p>0.05) from the arthritic non treated group, (Fig.1) . Concerning the arthritic index, and the gait scoring the treatment of arthritic rats with resveratrol at a dose 50 mg/kg showed a significant improvement in both parameters (p<0.05) at the end of the experiment as compared to arthritic non treated rats. While the other two doses of resveratrol (12.5, and 25 mg/kg) did not show any significant improvement in the arthritic severity score or gait score compared to the arthritic non treated group, (Fig.2) . Regarding the contralateral paw, no significant changes in neither volume nor ankle diameter were observed throughout the experiment in all groups.
3.2.Histopathological examination of rats left hind paw
Compared to the control group, the arthritic rats showed massive number of inflammatory cells infiltration in the dermal tissue, subcutaneous tissue and musculature and extended to the periarticular tissue. These effects were significantly alleviated in the group receiving resveratrol at dose 50 mg/kg where the inflammatory cells infiltration was only localized in the subcutaneous tissue. Whereas the paws from the other two groups (12.5, and 25 mg/kg) showed massive inflammatory cells infiltration in the subcutaneous tissue, musculature, and periostium as well as the tendon. There were fibrosis and inflammatory cells infiltration in the synovial membrane. (Fig.3, & Table 1 ).
DISCUSSION:
Rheumatoid arthritis is a chronic, systemic inflammatory disease affecting approximately 1% of people worldwide (Kvien 2004) . It is characterized by the persistent inflammatory synovitis, predominantly affecting the peripheral joints (Cojocaru et al. 2010 ). Most patients with the disease require continuous treatment to retard or stop progression and to control disease flares (Kvien 2004).
Adjuvant arthritis is an induced form of subchronic arthritis. It is most easily induced with a mixture of paraffin oils, mannide monooleate, and heat-killed mycobacteria, known as CFA. (Tuncel et al. 2016 ) The disease is a T cell-mediated autoimmune arthritis that is frequently used to study immunological aspects of RA and other arthritic or inflammatory diseases in humans. Furthermore, it is used as a model for developing and testing anti-inflammatory drugs. Moreover, the model resembles spontaneous arthritic diseases in humans. In accordance with these findings, Res showed anti-inflammatory activities. Several studies suggested that Res has a potential in vitro anti-inflammatory, anticatabolic, anti-apoptotic and anti-oxidative properties in various articular cell types, including chondrocytes and synoviocytes (Leong et al. 2013 The present study revealed the therapeutic action of Res in AA rats was associated with its ability to alleviate the paw and ankle swelling, as well as improvement of arthritic index score and gait score resulting in improvement of paw joint mobility and the possible mechanism may be associated with reduction of inflammatory cytokines. The pharmacological effects of Res strongly suggest its potential therapeutic role for chronic RA. significantly different from the corresponding control or Arth group, respectively at P,0.05 using Kruskal-Wallis test followed by Dunn's Multiple Comparison Test.
Fig.(3): photomicrographs of hind paw sections stained by H&E(x400).
A: paw section from normal rat shows normal histopathological appearance of subcutaneous tissue (sc), cartilage (c), and bone (b). B and C: paw sections from arthritic non-treated rat shows extensive inflammation in the dermal tissue (d), musculature (m), and periarticular tissue. D: paw section from arthritic rat treated with res 12.5 mg/kg shows massive inflammation and fibrosis in the subcutaneous tissue that extends to the musculature. E: paw section from arthritic rat treated with res 25 mg/kg shows the inflammatory reaction in the subcutaneous tissue and extended to the periarticular tissue. F: paw section from arthritic rat treated with res 50 mg/kg shows The inflammatory cells infiltration localized in the subcutaneous tissue. 
